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Abstract 
To study the molecular biology characteristics, phylogenetic relationship, and status quo 
of grass carp reovirus (GCRV) prevalent isolates, we conducted an epidemiological survey 
in South China from 2012 to 2016. We sampled 126 fish collected from five provinces. 
Eight strains of GCRV were isolated and examined in order to understand their genetic 
characteristics and evolution regularity. The results showed three genotypes of GCRV, of 
which. Genotype Ⅱ was found to be the prevalent strain in South China. SDS-PAGE 
electrophoresis further suggested that all viruses possess 11 segments of dsRNA, which 
have typical characteristics of GCRV. Based on amino acid sequence phylogenetic tree of 
VP6 gene, all eight isolates belonged to genotype Ⅱ and had significant variations 
compared to genotype Ⅰ. Analysis of amino acid sequence showed that these two 
genotypes of GCRV had no immunological cross-reactions. These results indicated that 
genotype Ⅱ GCRV is an extensive pandemic, and revealed new genetic diversity in 
China. 
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Introduction 
Genus Aquareovirus, a member of the family Reoviridae, generally causes infection in 
aquatic animals such as bony fish and shellfish. To date, more than 50 Aquareoviruses 
have been isolated throughout the world, but only a few of them have been closely 
investigated, i.e. grass carp reovirus (GCRV) and Striped bass reovirus (SBRV), which 
belong to different species in this genus (Iwanowicz et al. 2016). GCRV, the most 
pathogenic Aquareovirus, first isolated in China in 1983, was recognized by the 
International Committee on Taxonomy of Viruses (ICTV) as a species belonging to the 
genus Aquareovirus, AQRV-C (Zeng et al. 2017). As a member of the family Reoviridae, 
GCRV is the causative agent of grass carp hemorrhage, which is the most severe viral 
disease in China (Liang et al. 2016). The virion has a nonenveloped double capsid shell 
with an icosahedral morphological structure and consists of 11 segments of double 
stranded RNA (Tian et al. 2013). While a significant amount of structural and molecular 
information is available about GCRV (Wang et al. 2013; Huan et al. 2014), knowledge 
about the variations among different isolates is limited. 
 Grass carp (Ctenopharyngodon idella) is an important freshwater aquaculture species 
widely cultured in China and other Asian countries. with an annual production of over 1 
million tons. However, fingerling and yearling grass carp are seriously threatened by 
GCRV, which causes severe hemorrhages with up to 80% mortality (Jia et al. 2014). 
Currently, there are no effective treatment methods against GCRV infection, the 
immunization schedule based on preventive strategies is especially important. To 
scientifically guide immunization, the epidemiology and variations of this virus need to be 
elucidated. After grass carp were vaccinated with GCRV, humoral immune response 
against the VP6 and other structural proteins of this virus played important roles in the 
protection against grass carp hemorrhage (Bo et al. 2014). The epidemic status and 
genetic diversity of GCRV in recent years have been explored in this study. 
   
Materials and Methods 
Sample collection and detection. 126 clinical samples were detected by RT-PCR, which 
were collected from five provinces in South China from 2012 to 2016，a pair of primer 1 
were designed based on GCRV GD-108 (108jcF: 5'- GTTCCTGTCGTGGCTGGTAT -3', 
108jcR: 5’- GCCATTTGCAGAACTCCATT -3'), and a pair of primer 2 were designed 
according to GCRV873 (873jcF: 5'- CTCATGCTGCTAACGGTGTCT -3', 873jcR: 5’- 
GCGACTGTGGCACCATCAA -3'). Eight typical samples were selected according to 
geographic distribution, which included Guangdong (3), Hubei (2), Hunan (1), Jiangxi (1) 
and Jiangsu (1) virus strains. All tissues were homogenized with DMEM, freeze-thawed 
three times, and centrifuged at 12,000×g for 15min. The supernatant was sieved 
through a 0.22 mm filter and injected into Ctenopharyngodon idellus kidney-CIK cell 
monolayers. The cells were incubated at 28°C for 3-7 days and examined for cytopathic 
effects (CPE) daily. The cell was continuously passaged to the next generation using the 
conventional method. The 3rd and 4th generations were used for grass carp artificial 
infection, viral purification, and RNA isolation. Healthy grass carp (length 8-12cm) were 
artificially infected using intraperitoneal injection of 100μl cell suspension diluted by 0.65 
% NaCl into concentrations of 10-1. 
Electron microscopy and SDS-PAGE. Viral-infected cell cultures were fixed at 4°C 
with 2.5% glutaraldehyde in phosphate buffer (0.1 M), pH 7.2, and post-fixed in 1.0% 
osmium tetroxide (OsO4). After another rinsing with phosphate buffer, the specimens 
were dehydrated in graded ethanol and embedded in Epon 812 (Epikote resin). Ultrathin 
sections were sliced with glass knives on a UCT ultramicrotome (Leica Ltd, Germany), 
stained with uranyl acetate and lead citrate, and examined under a Tecnai 12 electron 
microscope (FEI, Acht, The Netherlands). 
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Viral-infected cell cultures were frozen at -20°C, and thawed at room temperature, 
followed by centrifugation for 30 min at 1,500 × g to remove the cell fragments. The 
supernatant was collected as a viral solution and centrifuged at 10,500 × g for 2 h at 
4°C. 
TRIZOL reagent (Invitrogen, USA) was used to extract dsRNA from infected CIK cells, 
according to the manufacturer’s protocol. RNA quality was assessed by electrophoresis on 
1% agarose gel, and the total RNA concentration was determined by measuring the 
absorbance at 260 nm on the spectrophotometer (Eppendorf, Germany). Extracted RNA 
was kept at -70°C. Viral dsRNA was analyzed by SDS-PAGE on vertical slab gels (8% 
polyacrylamide gel) in Laemmli’s buffer, and then visualized by silver staining.  
Reverse transcription-polymerase chain reaction (RT-PCR). A pair of specific primers 
(GD-S9F: 5'-CTTTGAGTCGACGCACGTAT-3', GD-S9R: 5’-CCGTCGGGTGGATTAGGT-3') 
were designed to amplify complete CDS of S9 gene (coding of VP6 protein) of eight 
typical GCRV isolates. Virus cDNA was constructed by reverse transcription with 
PrimeScriptTM RT reagent Kit (Takara, China) following the supplier’s instructions. The 
resulting cDNA was amplified by PCR with the specific primers, and the PCR reaction was 
performed for 35 cycles of 94°C for 40 s, 59°C for 40 s, 72°C for 1 min 20s, and followed 
by a final extension at 72°C for 10 min. The amplified PCR products were subjected to 
gel electrophoresis and observed under UV light. 
Cloning and sequencing. Each PCR product from different isolates were ligated into a 
PMD-19T vector (Takara,China), and transformed into E.coli DH5α competent cells. 
Positive clones were screened via blue-white selection and detected by PCR with 
M13±primers. After all the bacteria liquid was sequenced by Sangon Bothech (Shanghai) 
Co., Ltd. Sequence accession numbers were deposited in GenBank (KC130075-
KC130082).  
Phylogenetic analysis of the CDS of S9 gene. The complete sequences of the S9 
gene were translated and compared with amino acid sequences of the viral coat protein 
from the other variant members of Reoviridae. Multiple sequence alignments were 
carried out using Lasergene 7.1 software (DNASTAR Inc., Madison, WI). The unrooted 
phylogenetic tree was generated by neighbor-joining method using MEGA 4.0.  
Amino acid analysis of VP6. To explore the genetic variation of the GCRV samples, 
amino acid sequences of VP6 were analyzed from eight isolates, compared with some 
similar isolates in previous studies. In particular, the primary neutralizing epitope (PNE) 
of VP6 were predicted and analyzed using Lasergene 7.1 and Goldkey software. 
 
Results 
Epidemiological and geographical features of GCRV in China. In the Yangtze River and 
Pearl River basin, epidemic outbreaks of GCRV occur June-September every year, 
causing serious harm mainly to fingerling and yearling grass carp. In this research, 82 
positive samples of GCRV were detected by primer 1; 7 positive samples were detected 
by primer 2; and 1 sample was detected by both primers. The naturally diseased fish 
exhibited typical hemorrhagic symptoms with severe mortality. The pathological changes 
associated with cases of death included foci with pathological changes and ischemia in 
the liver together with small intestine hemorrhagic spots, and edema, blood spots in 
kidney, and hemorrhagic spots in muscle. 
Virus culture, electron microscopy and SDS-PAGE analysis. The virus from eight 
typical samples could be propagated in the grass carp cell line, CIK. None of them caused 
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obvious cytopathic effects, however after intraperitoneal injection with frozen and thawed 
cell suspension, they did. Healthy grass carp suffered 80-100% mortality with 
hemorrhagic symptoms, similar to those in the naturally diseased fish.  
Under electron microscopy, spherical virus was arranged in a honeycomb shape. They 
were about 75 nm in diameter with a similar size (70-90 nm) as AQRVs. The evident 
boundary displayed a prominent white ring in the negatively stained electron micrograph 
between the outer capsids and inner cores, (Fig. 1). Significant variations were observed 
in the genomes of GCRV-YX, GCRV-ZS, and GCRV873, and were analyzed by SDS-PAGE 
though both genome segments were separated into 11 distinct bands (Fig. 2). 
 
Fig. 1. Viral particles in CIK cell. The scale bar represents 100 nm 
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Fig. 2. Genome of three virus strains by SDS-PAGE 
Sequence and phylogenetic analyses of S9 gene. The complete CDS sequences with 
1257bp of S9 gene from the eight GCRV isolates that displayed high homologies, shared 
97.1-100% nucleotide and 97.6–100% amino acid sequence identities. The S9 gene 
sequences of the eight acute GCRV isolates shared 97.0-99.1% nucleotide and 97.1-
98.5% amino acid sequence identities with GCRV GD-108 and GCRV HZ08. The eight 
sequences only shared 39.6-40.1% nucleotide and 21.6-22.5% amino acid sequence 
identities with GCRV873, 34.6-35.2% nucleotide and 18.2-18.5% amino acid sequence 
identities with GCRV 104 (Table 1).  
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Table 1. Nucleotide and deduced amino acid identities of GCRV S9 gene sequences. 
 
To further understand the genetic evolution relationship of acute GCRV, phylogenetic 
analysis for the sequences of the VP6 gene included eight acute GCRV isolates similar to 
other reovirus reported worldwide (Fig.3). There are three distinct genotypes from the 
NJ-tree: subgroup1 (SG1) represented by GCRV GD108 belong to genotype Ⅱ, SG2 
represented by GCRV873 belong to genotype I and SG3 represented by GCRV 104 belong 
to genotype III.  
Nucleotide identity 
  1 2 3 4 5 6 7 8 9 10 11 12 13 14   
1   99.1  99.0  99.0  97.8  99.0  99.2  97.5  98.8  97.0  35.2  39.0  39.6  40.1  1   GCRV-HN 
2 99.0    99.7  99.7  98.0  99.7  99.9  97.2  99.0  97.2  35.2  39.1  39.7  40.2  2   GCRV-HS 
3 100.0  99.0    99.9  97.9  99.9  99.7  97.1  98.8  97.0  35.2  39.0  39.6  40.1  3   GCRV-JS 
4 99.7  99.2  99.7    98.0  100.0  99.8  97.2  98.9  97.1  35.2  39.0  39.6  40.1  4   GCRV-NC 
5 97.8  98.3  97.8  98.0    98.0  98.1  99.2  97.6  98.3  34.9  39.0  40.1  40.5  5   GCRV-QC 
6 99.7  99.2  99.7  100.0  98.0    99.8  97.2  98.9  97.1  35.2  39.0  39.6  40.1  6   GCRV-QY 
7 99.2  99.7  99.2  99.5  98.5  99.5    97.3  99.1  97.2  35.2  39.0  39.6  40.1  7   GCRV-YX 
8 97.6  98.0  97.6  97.8  99.7  97.8  98.3    97.2  99.1  34.6  38.8  40.1  40.4  8   GCRV-ZS 
9 97.8  98.3  97.8  98.0  98.0  98.0  98.5  97.8    97.2  34.9  38.9  39.6  40.1  9   GD108 
10 97.1  97.6  97.1  97.3  98.3  97.3  97.8  98.5  97.3    34.7  38.8  40.0  40.4  10  HZ08 
11 18.2  18.2  18.2  18.2  18.3  18.2  18.3  18.5  18.0  18.2    35.1  37.0  37.0  11  GCRV104 
12 20.1  20.3  20.1  20.1  20.6  20.1  20.5  20.6  20.6  20.6  15.4    62.5  62.5  12  AGCRV 
13 22.3  22.5  22.3  22.3  22.0  22.3  21.6  22.0  22.0  22.3  15.9  51.9    94.6  13  GCRV873 
14 22.3  22.5  22.3  22.3  22.0  22.3  21.8  22.0  22.1  22.3  15.9  51.9  98.7    14  GSRV 
Amino acids identity 
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Fig. 3. Phylogenetic tree was constructed using Neighbor-Joining method based on VP6 sequences 
of Aquareovirus and Orthoreovirus. The reliability of the tree was assessed by bootstrapping it with 
1000 replications. The black rhombus stands for our isolates in this study. 
 Amino acid analysis of VP6 protein. The protein VP6 included 418 amino acids, 
which contain a rich potential epitope region. The hydrophilicity, antigenic index, surface 
probability, and flexibility, were analyzed to find some probable epitope regions (Table 
2). Variations of all epitope regions were highly conserved among isolates of SG1, which 
had no amino acid mutation. But compared with genotype Ⅰ and genotype Ⅱ, they 
showed marked differences, and no similar peptides in these probable epitope regions.  
Table 2. The epitopes of VP6 in GCRV 
genotype Ⅱ genotype Ⅰ 
Epitope sequence Amino acid position Epitope sequence Amino acid position 
QARPDGNV 164-171 RPWTSRFS 35-42 
FPKKRKFED 237-245 GRLNRSRTC 221-229 
ATRDEDD 372-378 QWRQDGLI 340-347 
DDRCCCLKP 386-394 QEAQLNNDYTA 351-361 
 
Discussion 
Although extensive research about GCRV has been available, hemorrhage disease of 
grass carp still frequently occurs due to lack of accurate and timely epidemiological 
study. In our study, epidemiological surveys were executed in the Yangtze River and 
Pearl River Basin, where there were outbreaks of hemorrhage disease of grass carp. 
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Among the positive samples, more than 90% belonged to genotype Ⅱ. However, prior 
research on GCRV was on genotype I while the current major epidemic strain has rarely 
been reported (Chao et al. 2010; Qing Wang et al.2012; Zeng et al. 2011). It is 
necessary to investigate genotype Ⅱ for better understanding of the epidemiology of 
GCRV.  
Protein VP6 of GCRV was recognized as the counterpart of protein Sigma2 of MRV 
occupying similar positions as the nodules on the surface of the inner capsid (Zhou et al. 
2013). A blast analysis showed that VP6 of GCRV GD-108 possesses conserved domains 
belonging to the reoviral Sigma1 and Sigma2 superfamily. The reoviral Sigma1 and 
Sigma2 proteins consist of two concentric icosahedral layers in the inner core and the 
outer capsid layer (Dermody et al. 1991; Sellers et al. 2004). These studies revealed that 
VP6 protein has a close correlation with the viral capsid. In our experiments isolates of 
genotype Ⅱ displayed high similarities with each other, with a high sequence homology. 
However, they also exhibited differences compared with other species of AQRV, including 
the genotype Ⅰ and genotype Ⅲ. Although both genotype Ⅰ and genotype Ⅱ of GCRV 
cause similar hemorrhagic symptoms, they also differ for culturing in Cytokine-induced 
killer cells (CIK). For genotype Ⅰ, the cytopathic effects typical of AQRV infections were 
observed in cells cultured for 48h, but genotype Ⅱ was not, even after three generations. 
Furthermore, although all strains of GCRV possessed 11 dsRNA fragments, the VP6 gene 
did not exhibit high homology between these three strains (only 21.6-22.5%). Similar 
results also occurred in VP5, the homology between GCRV GD-108 and other AQRVs was 
only 24-25% (Ye et al. 2012). Finally, based on sequence analysis, we found that these 
two genotypes of GCRV did not have immunological cross-reactions. 
The exact epidemiologic relationship of GCRV is difficult to establish as different 
isolates belong to two distinct sub-populations. Research suggests that GCRV-GD108 
might fill some of the evolutionary gaps between Aquareovirus and Orthoreovirus as it 
shares a closer phylogenetic relationship with ORV than other AQRVs. Undoubtedly the 
incidence of genotype I has decreased yearly and genotype Ⅱ has increased (Qing Wang 
et al.2012; Yang et al. 2010; Zhang et al. 2010). In summary, the existence of two 
genotypes of GCRV detected, and genotype Ⅱ was the prevalent strain in South China. 
Considering the complex variations of GCRV, there may be more genotypes which have 
not been reported or detected, so the scientific classification of GCRV is a prerequisite. 
Extensive genetic diversity must be associated with these outbreaks. The abundant 
genetic diversity should be taken into consideration to control and prevent this disease. 
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